In face-to-face conversation, embodied rhythms between speech and body movements such as nodding are mutually synchronized between talkers such as a speaker and a listener. This synchrony is called entrainment in communication and it generates the sharing of embodiment in human interaction. Embodied communication, which is closely related to behavioral and physiological entrainment, is an essential form of communication that forms the basis of interaction between talkers through mutual embodiment. In particular, nodding has an important role as a regulator in embodied interaction and communication. The detection of nodding is useful for an estimation of the activity of conversation. In this paper, we develop a nodding detection system using a nodding detection model based on an analysis of the head movement involved in nodding. This model detects nodding based on the rotational movement of the head, which is estimated from the face tracking of the Active Appearance Model. The effectiveness of the system is demonstrated by comparing the result of the nodding detection results with visual inspection. The developed nodding detection system is demonstrated in an actual event for children.
Introduction
In human face-to-face conversation, the movement of a listener, such as nodding and body motions, is interactively synchronized with the speech of the speaker. In particular, nodding has an important role as a regulator in embodied interaction and communication (Watanabe, 2007) . The detection of nodding is useful for the estimation of the activity of conversation. Numerous conventional studies for nodding detection (ND) have used magneto metric and acceleration sensors (Inoue, et al., 2010) (Saiga, et al., 2010) However, these sensors must be in contact with the user's body; such usage is stressful. Therefore, the estimation of head motions requires noncontact sensing. For such estimation, an image processing technique is useful. Based on a measurement using image processing, methods have been proposed for ND from the motion of the face using an optical flow (Chu and Tanaka, 2012) (Fujie, et al., 2004) . However, this method is influenced by background noise. Active Appearance Model (AAM) as a method of performing face tracking by image processing has been proposed (Cootes et al., 1998) . AAM can estimate rotational movements of the head, which facilitates ND (Nakamura et al., 2013) . In ND using AAM, the influences of background noise are reduced because AAM performs face tracking using feature points in the face.
In this paper, we develop a nodding detection system (ND system) using a nodding detection model (ND model) based on an analysis of the head movement involved in nodding. This model detects nodding based on the rotational movement of the head, which is estimated from the face tracking using AAM. To begin with, a face-to-face communication experiment is performed to analyze the head motion involved in nodding. Then, based on the analysis of the experimental results, a ND model is proposed and a ND system that uses the proposed model is developed. The effectiveness of the system is demonstrated by comparing the result of ND with visual inspection. Furthermore, the developed system is demonstrated at Soja-City Kids-Campus, which is an actual event for children.
Concept
The concept of the developed system is presented in Figure 1 . In face-to-face communication between humans, such as during a conference, it is thought that the communication and individual remarks can be evaluated by the number of nods. Therefore, it is important that a system for ND is developed to estimate the activity of conversation. Kawato et al. (2005) discussed a technique that can select distinctive parts in video minutes and developed a video minute system based on ND. Head motions of talkers such as a speaker and a listener are an important behavior in ND. The use of measurement devices that must be in contact with a user's body stresses the user and may impair natural nodding in communication. Therefore, a device that estimates head motions without any contact is required. For estimations without contact, an image processing technique is useful. Therefore, the proposed system measures head position and posture by face tracking using AAM from the inputted images. The head motion is estimated from the frame movements. Nodding is detected by the specific velocity pattern of the head motion involved in nodding. The number and timing of nods are recorded using the system. These data are useful for supporting activity in the field, visualization of embodied reactions, and participation degree of each person during face-to-face communication. It is expected the proposed system will promote human communication wherein participation is increased. 
Active Appearance Model
Face tracking by AAM is illustrated in Figure 2 . AAM is a matching method that uses statistical models of appearances in images. A set of model parameters control the modes of shape and gray-level variation learned from a training set. This method is widely used for the matching and tracking of faces. For an optimization process, the algorithm uses the difference between the current estimate of appearance and the target image. Using a least squares technique, it can match face models to target images quickly. The feature points are extracted by applying a 3-dimensional (3D) AAM (3D-AAM) that is extended to a 3D shape (Xiao et al., 2004) . It is possible to estimate the state of the eyes, nose, and mouth, and the posture of the head from the feature points. Therefore, in this system, nods are detected from the posture of the head, which is estimated by AAM.
Analysis of Head Motion in Nodding
A nodding measurement experiment was performed to analyze head motions in communications between humans.
Experimental System
A measurement experiment for the analyses of head motions was conducted to identify a specific velocity pattern of the head motion involved in nodding. The setup of the experimental system is indicated in Figure 3 . Microsoft Kinect was used as a recording device. The device had a distance sensor and the target did not require any sensors or specialized markers. The distance sensor of the device irradiated infrared rays that had a special pattern and a depth image was generated by an analysis of these infrared rays. Then, it measured the coordinates in 3D space from the depth image. This device was able to record depth images to obtain a 3D shape and color images of the head, simultaneously.
In the measurement experiment, four recording devices were used; each subject was recorded by two recording devices. By capturing a subject from two different directions, the precision of ND and visual inspection were improved. These devices were placed at a distance of 1,000 mm from the subject to capture the subjective head portion. Further, to issue instructions for a subject, a display was placed behind the other subject. Depth images and color images were recorded at the speed of 30 fps. The measured data were recorded on hard disks in real time. 
Experimental Method of Measurement Experiment
The measurement experiment was performed in pairs as indicated in Figure 4 . The roles of speaker and listener were predetermined and the subjects communicated for five minutes. Then, their roles were changed. The subjects selected well-known children stories and concluded their summaries in ten minutes. The subjects were instructed by the display behind the partner at the beginning and the end of the experiment.
In the experiment, instructions were not provided to subjects as to nods. The five pairs of subjects were students (two pairs of males and three pairs of females).
Analysis of Head Motion Involved in Nodding
The nodding was measured by visual inspection based on color images to determine the correct nodding data in the communication. These color images were the data of five subjects out of the ten who were recorded in the measurement experiment. In the measurement for nodding, the number of nods and the nodding time of the listener were measured. Furthermore, the listener's head motions involved in nodding were measured by face tracking using AAM. The coordinate system of the listener's head is illustrated in Figure 5 . The x direction is defined as the front direction of the listener. The y and z direction are defined as the side and vertical direction, respectively. Furthermore, the roll angle, pitch angle, and yaw angle are defined as the rotations around x, y, and z axis, respectively. Nods are conducted by vertically up-and-down motions of a head. Therefore, in this paper, nods are detected from the pitch angle on this coordinate system. The subject's nods were measured by visual inspection using the recorded color images. The visual inspection was conducted by two persons α and β such as observers. Each observer changed output from "0" to "1" when subject began nodding motions. Then, each observer changed output from "1" to "0" when subject ended nodding motions. Therefore, output "1" means while nodding and output "0" means otherwise. Examples of detection results of observers α and β are presented in Figure 6 . The number of nods, which was determined by an AND operation of detection results by observers α and β, was calculated. The number was divided by the number of nods that were detected by each observer. These divided values and the harmonic means of these divided values are displayed in Table 1 . From the table, the mean value of the harmonic means is 0.84. The harmonic mean of subject A is a high value. This result indicates that detection results by the humans was similar. However, for subject C, the value of the harmonic mean is low. Therefore, there were individual differences in the visual inspections of the humans. It has been discussed that a head moves vertically up-and-down rhythmically in nodding (Kapoor and Picard, 2001 ). Thus, humans nod by an angular velocity pattern on a pitch direction of a head motion. The velocity pattern is the particular one of nods. In this paper, using the particular velocity pattern, nods are detected. Therefore, the angular velocity of the head motion involved in nodding was calculated by differentiating the pitch angle. The angular velocity of the pitch angle in the case of nodding is illustrated in Figure 7 . We observe that the angular velocity of the pitch angle has a velocity pattern that is changed from the minimum negative value to the maximum positive value. The time gap between extreme values is defined as the interval time as indicated in Figure 7 . 
Nodding Detection Model
From the results of the measurement experiments, it is clear that the velocity pattern of nodding has a maximum value and a minimum value. Therefore, we propose a ND model where if the pitch angle velocity changes to the threshold of the maximum value from the threshold of the minimum value during the interval time, a nodding motion is detected. These values are defined as detection parameters. The model detects nods when humans end their head motions of nods completely. The model is presented in Figure 8 . The threshold values of the minimum value, maximum value, and interval time were determined from the results of the measurement experiments. The results of the measurement experiments indicated that there were individual differences in the detections of humans. Therefore, we propose AND mode and OR mode. Firstly, an AND operation and an OR operation are calculated from the detection results of observers α and β as shown in Figure 9 . This figure shows an example of outputs of visual inspection in the same way as in Figure 6 . Next, the detection parameters which are the threshold values of the minimum value, maximum value, and interval time, are estimated in order that AND mode and OR mode detect nods corresponding with the AND operation and the OR operation, respectively. In the AND mode, the detection parameters are estimated from the AND operation of detection results by observers α and β. In the OR mode, the detection parameters are estimated from the OR operation. The distributions of minimum and maximum values are similar in AND and OR modes. Therefore, based on the confidence intervals, the threshold values of the minimum and maximum values are determined as follows. In the minimum values, a confidence interval (95 %) of a population which is composed by minimum values of AND and OR modes is calculated. Its upper limit is employed as the threshold value of the minimum value. In the same manner, a confidence interval of maximum values is calculated. Its lower limit is employed as the threshold value of the maximum value. As a result, the threshold values of the minimum and maximum values are set to -0.14 rad/s, -0.11 rad/s, respectively.
In the interval time, a range, which includes 90 % or more, is estimated. However, the upper limit times of the interval time are different as indicated in Table 2 . From the table, the upper limit times of the AND and OR modes are 0.40 s and 0.83 s, respectively. The upper limit time of interval time of AND mode is shortest for ND. Furthermore, that of OR mode is longest for ND. Therefore, MIDDLE mode that the upper limit time of interval time sets to 0.60 s is proposed, as indicated in Table 2 . It is expected that standard detection can be performed using MIDDLE mode. 
Nodding Detection System

Development of Nodding Detection System
Based on the concept discussed in Section 2, we developed a ND system based on the proposed model for identifying a talker's nodding in face-to-face communication. The configuration of the system is presented in Figure 16 . The system consists of a PC with Microsoft Windows 7 and Microsoft Kinect as an image input device. The depth image and a color image are input at 30 fps using the image input device. The image input device is installed at a location 1 m from the talker. The environment for using the developed system is illustrated in Figure 17 . Figure 18 is a display of the monitor used in the system. In Figure 18 , the "Unazuki" in the upper left corner represents the number of listener's nods detected by the system. Fig. 17 Scene using the developed system. Fig. 18 Example of the system's screen.
Evaluation Experiment
An evaluation experiment was conducted to demonstrate the effectiveness of the ND system. In the evaluation experiment, the color images and depth images recorded for the five subjects who participated in the measurement experiment were used. These data were not used in the analysis of the head motion involved in nodding.
Evaluation Method
For the evaluation of the ND system, F-measure was used as indicated in equation (1). F-measure, which is calculated using the harmonic mean of the recall and the precision, is an index used for evaluating the completeness and accuracy of determination results. The recall indicates the completeness and the precision indicates the accuracy.
In this evaluation of ND, the precision was calculated as the number of match detections divided by the total number of correct detections. The recall was calculated as the number of match detections divided by the total number of detections by the system.
Evaluation Result
The evaluation results are presented in Tables 3, 4 , and 5, which indicate the precision, recall, and F-measure, respectively. From Table 3 , the AND mode has the greatest precision. However, the OR mode was highest in recall as indicated in Table 4 . Consequently, the AND mode is suitable in a case where correctness and exactness are necessary. In a case where it is necessary to identify various nods with individual variations, the OR mode is suitable. The MIDDLE mode, where the precision and the recall are the middle, is suitable for general use. In the evaluation of subject H, the precisions of all modes are low. In this evaluation, the number of detected nods is higher than the correct number. However, in the evaluation of subject J, the recalls of all modes are low. In this evaluation, the number of detected nods is lower than the correct number. The results indicate that the head motions of subjects H and J have individual variations.
In the evaluation of the F-measures, the MIDDLE mode was highly rated. Although there were no significant difference among the population means of the three modes as a result of a statistical test (ANOVA), all the F-measures were high enough to use them practically. Thus, as an example, the MIDDLE mode was employed in the following demonstration. 
Demonstration of nodding detection system
The developed ND system was demonstrated at Soja-City Kids-Campus, which was an actual event for children. This event was held at the Okayama Prefectural University. Participants were schoolchildren and their parents. There were 38 schoolchildren and 38 parents. The system used the MIDDLE mode. In the event, all participants experienced the pleasure of ND using the system as illustrated in Figure 19 . The participants were informed of their nodding by the system. The system could detect the children's nodding correctly. There were comments from participants, such as "I could confirm my nodding during the conversation" and "I increased my nods". Therefore, using the developed system, it was confirmed that nods were acknowledged by the talkers and the talkers were encouraged to nod. Thus, visualization of the degree of participation in the communication field and raising the participation were suggested. 
Conclusions
In this paper, we developed a nodding detection system using a nodding detection model based on an analysis of the head movement involved in nodding. This model detected nodding based on the rotational movement of the head, which was estimated from the face tracking using AAM, and nods were detected by a specific velocity pattern of the head motion. From the experimental results, we determined that the head motion involved in nodding had a pattern where the angular velocity (pitch), which turned on an axis to move the head up and down, was changed from the minimum negative value to the maximum positive value. Furthermore, it was confirmed by visual inspection that humans exhibited individual variations. Therefore, we proposed AND and OR modes where the detection parameters of nodding were estimated by AND and OR operations. Furthermore, we proposed MIDDLE mode, where the upper limit time was set to the median between the AND mode and OR mode. A nodding detection system that used these modes was developed and an evaluation experiment was performed. MIDDLE mode was determined to be suitable for general use. AND mode was suitable in a case where correctness and exactness were necessary; OR mode was suitable in a case where it was necessary to identify various nods with individual variations. The F-measure of the MIDDLE mode was high and the precision and recall were not low. Therefore, it was confirmed that the nodding detection system could detect listener nodding correctly. From these results, the effectiveness of the nodding detection model and the nodding detection system, which used this model, was demonstrated. Furthermore, the developed nodding detection system was demonstrated at Soja-City Kids-Campus, which is an actual event for children. From the demonstration at this event, visualization of the degree of participation in the communication and raising the participation were suggested.
